Abstract An anisotropic cosmological model is investigated by solving Einstein's field equations in (1 + 3)-dimensional Spacetime with topology R' @ R' 0 p (R' is the real line and P is a two-dimensional torus). Through the process of Kaluze-Klein-type compactification on T2 and one-loop quantum corrections to a scalar field, an effective action for (1 + 1)dimensional gravity (with time-dependent gravitational constant C, , as well as a cosmological constant, are obtained.
Introduction
Up until the past few years, the existence of gravity in (1 + 1)-dimensional spacetime has not been accepted due to the triviality of general relativity in these dimensions. Although Einstein's equations do not have any dynamical content in two-dimensional spacetime, many authors have shown very interesting features of (1 + 1)-dimensional gravity during the last few years [ 1-31. Furthermore, two-dimensional gravity has important relationships with conformal field theory [4], the Liouville model [I] , random lattice models [5] and non-linear sigma models [6-91. Moreover, many interesting implications have also been noted for these theories [lo-121. Here, a different approach is adopted to get two-dimensional gravity via the usual method of Kaluza-Klein theory employing the idea of spontaneous compactification [13, 141. Recently, this method was used by McGuigan [15] to get two-dimensional gravity from (1 + 3)-dimensional theory having spatial topology S' Q T*, where Si is a circle and TZ is the two-dimensional torus. In the present paper, an anisotropic TZ is homogeneous but not maximally symmetric. Kaluza-Klein-type compactification is done on T2. As a result, (1 + 1)-dimensional gravity with a time-dependent background is obtained through one-loop quantum corrections to scalar fields. On adding the contributions of these quantum corrections to two-dimensional gravity to the dimensionally reduced two-dimensional gravity, one obtains an effective action for the same. Subsequently, a time-dependent effective gravitational constant and cosmological constant are obtained.
The focus of this paper is first getting a (1 + 3)-dimensional anisotropic cosmological model by solving Einstein's field equations exactly and second deriving a twodimensional effective action for gravity. The paper is organized as follows. Section 2 contains a sketch of the cosmological model and an exact solution of the Einstein field equations for a background spacetime with topology R' @ R' @ T 2 . Section 3 deals with the dimensional reduction of gravity and scalar fields. One-loop quantum corrections to a dimensionally reduced scalar field are computed in section 4. In section 5, the time-dependence of the gravitational constant as well as cosmological constants are discussed.
Natural units h = e = 1 are used throughout the paper, where h and c have their usual meaning. A dot over a variable denotes the derivative with respect to a dimensionless parameter T = titp, where t is the cosmic limit and tp is the Planck time.
(1 + 3)-dimensionaI anisotropic cosmological model
The cosmological model having topology as R' x R' x T2 has the line-element
where 0 I O,, 8,s 2n, and p1 and pz are physical radii of circles whose product is T2; a(r) and b(r) are scale factors.
The energy-momentum tensor for the anisotropic fluid can be written as
where p, v = 0,1,2,3, E is the energy density, p is the pressure on one-dimensional space R', p' is the pressure on T 2 and 6' = 1 -6 with
In the background geometry given by line element (2.1), Einstein's field equations are
where G is the four-dimensionak Newtonian gravitational constant and G: is the It is assumed that the physical quantities E, p and p' obey the equations
p is the pressure on one-dimensional space R' which was obtained absorbing in p ,
For the purpose of compactification to the effective two-dimensional gravity, a suitable form of the scale factor b(r) is required. Firstly, it should be a decreasing function of time and secondly it should be free from the 'crack of doom' singularity (the reason for these conditions will be made clear in section 5). Keeping these requirements in mind, one can take an ansatz for b(r) as
where f is a non-zero real constant. Limb=f.
-m (2.12)
Using equations (2.6), (2.11) and (2.12) in (2.5), one gets, on integrating,
where c0 is an arbitrary integration constant. Now inserting a(7) and b(r) from equations (2.11) and (212) and E from (2.13), one finds that the constraint (2.4a) is satisfied for all time if to is chosen as 
Dimensional reduction

Gravity
The four-dimensional action for gravity is given as where G is the gravitational constant, g'4' is the determinant of gpu and RC4) is the Ricci scalar with respect to g,,, for the four-dimensional theory.
For the sake of convenience, the metric tensor given by the line element (2.1) is written as where gij = diag(1, -a z ) and gmn (m, n = 2,3) is the metric tensor on TZ. guv may be conformally transformed to 0, " as Under (3.5), the action (3.4) is rewritten as where which is a cant-ribution to' matter fields, induced due to the compactification of toroidal component of space.
Scalar fields
In the background geometry, the existence of some scalar fields q5 with bare mass m, , is assumed. The action for Q is given as where < is non-minimal coupling constant, which is equal to f i n four-dimensional space for conformal scalar fields (for which m, = 0). R'4' in equation (3.7) is given as
On the spacetime, with topology R 1 @R1 g T2, q5 can be decomposed as where a = OB) for untwisted (twisted) fields [16]. The reason for the untwisted (twisted) fields in the non-simply connected nature of internal manifold TZ which is the product of two circles. Untwisted fields are periodic in y, whereas twisted fields are anti-periodic in y . Here y1 = plOl and y , = p102 Latei on, only untwisted fields will be considered. Now, substituting the decomposed form of q5 given by equation (3.9) in the four-dimensional action (3.7) and integrating over T', one gets the two-dimensional 
